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ABSTRACT

Testing was conducted on three, 9 percent scale Gemini models and a
5.8-inch diameter hemisphere cylinder to obtain qualitative and semi-
guantitative informetion on the local hecat transfer rate induced on the
Gemini afterbody by the module/adapter interconnect fairing. These
models vere cast usiné RTV 60 silicone rudbber, A 0,3-inch minimum thickness
of rubber was mzintained over.an aluminum core,

The Gemini models were tested at 160°, 165°, and 170° angle of attack,
The hemisphere cylinder was tested at 0° angle of attack. Testing was
conducted at Mach 8 at Rezynolds numbers per foot of 3.8, 3.5, 3.0, 2.0, and
10x1 6. Prior to each run, models were coated with Detecto-Temp paint,
Color motion pictures were made during the test to oblain color change data,
and still photographs c¢f the models were taken after each run, Forty-seven
runs vere corpleted during Series I tests and 27 runs during Series 1I tests,
The motion pictures and still photographs have been forwarded to Department
242 for analysis.

These tests were performed in Tunnel B of the von Karman Gas Dynemics
Facility, Arnold Engineering Development Center on 10 Avgust 1967 (Series I)

end L November 1967 (Series II).

This report completes work on TR 058-ATD.02.01.
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1, INTRODUCTION

Testing was conducted on 9 percent scale Gemini rubber models and a
5.8-inch-dismeter hemisphere cylinder to obtain qualitative and semi-
quantitative information on the locel hect transfer rate induced on the
Gemini afterbody by the module/adapter interconnect fairing. The test
wvas set up to obtain comparative information between the NASA GT2 fairing,
the Cemini B low-profile fairing, and the model with no fairing. The
analysis was to be made with theoretical heating rates on a reference
hemisphere cylinder,

These tests were performed on models painted with Detecto-Temp paint in
Tunnel B of the von Karman Dynamics Facility, Arnold Engineering Development

Center (AEDC), on 10 August 1967 (Series I) and 4 Novenber 1967 (Series II).

2. MNODEL DESCRIPTION

Three 9 percent scale Gemini models were fabricated for the test progran.
Female plaster molds were made for each configuration of the Gemini to be
tested, An existing 9 percent scele Gemini model was used as the master for
the plaster molds. Inner cores vere machined from 2024 T-3 aluminum and
provided a gep of 0.3-inch minimum between the core and the mold. RTV 60
silicone rubber, vhich wvas exposed to a vecuum to remove air bubdles, vas
injected into the gap end allowved to cure at room tempera£ure for L8 hours.
The model was then removed frem the mold and hand finished,

The Gemini configurations cast wvere:;

(1) Gemini vith the MASA fairing;

(2) Cemini vith the Gemini B fairing; and

(3) Genmind vithout & fairing.

A sizilar casting technique was employed to caest a 5.,8-irch diemeter
hemisphere cylinder using & female fiberglass mold furnished by AEDC. The

WMAC 2%0u (RLV 1 ayg ¢t
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hemisphere cylinder was used as the calibration bcdy during the test
program, Sketches of the models are shown on pages It and 5,
All nodels were cast from the same batch of silicone rubber. The nominal .

thermal conductivity of the RIV 60 is 0,18 Btu-ft/hr-ft2°R.

3« TEST SETUP

The models were installed in Tunnel B at AEDC using the hardware showvn in
the sketches on pages.6 and 7. Roll locking devices were not provided on the
models during Series I tests and the Gemini model with the NASA fairing was
1nadve}tently rolled an additionsl +7° from its intended test position. A roll
locking device was installed on the models for Series II tests,

Two DBM-5A Millikean motion picture cameras were used to record the test on
color film. Ome camera was located in the top forward window, the other in the
side forward window, A bank of four 1odized quartz lamps was located in the
upper arﬁ window, A similar bank of lemps was located in the side eft window
to.provide tunnel lighting. The cameras vereAtocused on the afterbody of the
Gemini model with & bore sight tool. Camera location and lens setting rerained

in the same position for the entire test program.

4, TEST PROCEDURE

Crid lines vere dra:m on the clean Gemini model and the hemisphere cylinder
to provide a reference for film interpretation. Film sequences vere made of
the Cemini model at 160°, 165°, and 170° aangle of attack, and of the hemisphere
e¢ylinder at 0° angle of attack,

The models vere painted with Detecto-Temp paint (915-0979) and allowved to
dry. Next, the codels vere installed on the sting support system in the model

installation roonm beneath the tunnel test section.

MAC 230y (MEv V aAuC @)
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¥hen tunnel flow conditions were established, the motioﬁ plcture cameras
vere started and the model was injected into the tunnel, An event marker was
placed on the film when the model reached tunnel centerline., Visual observation
of the model during the test for color changes and patterns was used as a
guideline for the length of time the model remained in the tunnel,

After each test, the model was removed from the sting support.system and
e still color photograph was taken,

Testing vas conducted on the four models at angles of attack of 160°, 165°,
and 170° for the Gemini models and at 0° for the hemisphere cylinder. All tests
vere conducted at Mach 8 at Reynolds numbers per foot of 3.5, 3.0, 2.0, and
1.0 x 105 for Series I tests and at Reynolds numbers per foot of 3.8, 3.0, and

6

2.0 x 10° for Series II tests,

5« TEST RESULTS
Test results are:
(1) color movies;
(2) color negatives of still photographs; and
(3) & run schedule consisting of configuration, test conditions, and
wmovie identification,
The color movies and still ylLotographs have been forwarded to Departmeant
242 for analysis.

The run schedule is presented in tables on page 8 through 10.
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9 PERCENT SC"L¥ GEMINI RUBBER MODELS .
< 13.06 —————
1
X
8.10 - -

Gemini - No Falring

CGemini - NASA Feiring

Genini B - Fairing

Note: Model Side View Rolled 45° For Fairing Clarity

)
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HEMISPHERE CYLINDER

fe—— 8.98 ——>

e

ZI2.90R

Material - RTV 60 Silicone Rubber
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RUN CONFIGURATION TYPE |y Re/FT D g |l Po 7,
RUN % 10° _ (peg) I(peta) | °R
Heat . i .
1 Gemini + NASA Fairing Transfer | 0e01 | .40 |159.9 |1800.8 1 15k
t
2 || Gemini + "B" Fairing | 3,46 (1599 [1797.2 | lsse
3 || Hemisphere Cylinder L5 1160,0 ||803.2 1352 1
4__|| Gemini + NASA Fairtag || sebh Jaok9 |790.6 | 1550
5 Gemini + "B" Fuiring 3 ! 3.45 1105,0 i1799.2 135
o Gemini 2,45 |160.5 ([800.0 | 1250
o Hemis_;_\_kﬂlﬂe—x:s_‘d_y_]._iwn_c}gx' B 3.45 | -0.1 {{800.2 1 56y
0 Gemini + "B" Fairing | 3.95 [170.1 {{800.2 | 1o
T T
9 Gemini + NASA Fairing 3.40 |169,9 ||800.2 - 1340
10 || Gemini + "B" Fairing L 3,50 |160.0 ||799.0 T 133
e e T t
| i
11 | Gemini + NASA Fairing v | 3.2 [160.001802.8 | 10y
-+ 10I0E l b
12 Gemini + NASA Fairing L0 L 159.9 [|679.5 | 20k
' : . b
13 || Gemini + "B" Fairing [ 1,01 |160,0 o723 | L.
S . e oles L o
la Hemisphere Cylinder 2420 0 b1 ' (R
mlsphere Ly _ L e -
15 Gemini + MASA Fuiriug 2039 |1t llees,3 T o119
— R, — —_—— *. —
lb —;Jcemni + "P" }‘uiring ! <o) lOE).O | U'ﬂch 1525
L= s e A
7 l Gemini L?.)o 1050 LTl | 1is2
1o - I hiia 1ed 4 2
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e L E . . - —— S L Y e SRS G
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S S A fatring . o e il B Wil
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b e e e e e . e e—e POVRRE e ——— —— ——— - b~ —— ot e el
¢3 il hemisphere ylinder 1,95 | +0.1jb2L.l | 129y
. .+_ migphere .yidnt e - §o bl
N
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. ' . Movie Identificatioa
o, Ta 4 Po1 P Voo Q00 Coo 3 Tew RUN S1de Top
) | °R (psia) | (psia) |Ft/Sec. [(psia) [Slug/ft’] °R [Reel |I.D. No. |Reel |[I,D. No.
0 L8 || 67 | 0Bl | 3675 | 3.65 *nggs 571 1 1 | oukzo | 1 | owsnr
2 Lz o3 | o0 | 36 | 3.6k | T.00 | 5T 2 || |
.2 1352 6.73 L0816 | 3880 3,66 1| 7.00 572 3 1 '
:6 1,50 674 L0811 | 3878 3.6k 6,98 572 L A
2 | 135 || 6.76 0ule | 3800 .65 | 6.97 572 5
0 | 1550 || 6.75 L0613 | 3879 565 | €.99 o3 6 ,
;2 134) €75 LObL3 | 30T6 1,65 04y 572 7 2 oLkl2
W2 L8 TS L0813 | 3875 3.65 | 7.00 572 8
213k | LTy L0613 | 3863 3.65 | T7.0h4 572 9 2 0kk13
}—r 133t L. T4 0612 | 3857 3.65 7.9% o712 10
:8 17;3 £.70 Q016 | 3883 3466 7.10 572 11 !
T _L_* 5.9 067 RTToN 3.0 | €,01 569 12 ! !
3 _;_;-._p_%z.'zo LOvdy | 3051 3,08 | ©.0% 508 13 ! :
SRS oot | 3837 3.07 | .00 568 1k ; )
3”1:_1311 “T‘Z” 0S5 | stisl 3,01 | 6.01 508 15 ‘ j
A s o | oy sba | 3.09 | e | 58 | 36 || | | 3 | ok
9 _1_-;;«:9_:4% 5,79 1‘ Oe| 3351 3,08 | 5.98 | 568 17 ! .
o BT S ] B B TP B 4
)| 1330 || 5.7 0| soko 3.00 | 506 | S8 19 OLuLS
’;9 I 1330 Seu7 00BL[ 3By 3.06 5.6 | b 20 ‘
‘»_.3_’_ L1 || 500 0lgT) 3620 Lob | 3.83 | 502 21 R . }
WG| L3 b7 LkUg| 3007 L€ b 3.9k | sl &2 .
,- . ) — I
| 1299 1 3.0M 0ub2f 3802 1.97 | 391 561 23 1y v *
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e — — ! x 10" (Deg) i(psia) | _°R
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27 | Gemini + l\ASA Pairmb 1.93 |170.1 jk21.1 ' 1306
20 ) 4 959{_1,1 + "B Falving 1.96 1170.0 ez.3 l 1298
29 !t ‘Heni sphere Cylinder 1.96 | 0 Jseo.l | 1293
r .
3G ,1 (;emini + NASA Fai rlug ! T.92 { 0.95 59,3 131,98 12509
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l‘....m — _w,”_ . [ e e ﬁr.--- i A o
N Hemisphere Cylinder | 06 | o ot | oeer
e R SRR S 1 -1 1
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- S e - I e
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37 ﬁ Gemini + NASA ran ing | ] Q. ;r 7() 0 ‘{:})u o + 1253
rr o e ey s e M
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UN SCHED
Series II1 RUN SC U4
. e Re/Ft
RUN CONFIGURATION TYPE |y |B/P ] W ] B 1o
RUN . X 10° | (deg) | (psia) | °R
Heat O } [
3 Hemisphere Cylinder rransfer | 8-02 | 3.00 0 |1899.0 | 1393
i Gemini + FASA Fairing 3,73 165 ||18o8, 8 |13k
5 Gemini + “B" Fairing 2,75 165 {1900,0 | 157%
Q) _Hemisphere Cylinder 73 0 [&99.0 | 1362
7 Gemini + NASA Fairing 3.70 170 1§ ovk.l 1500
& Gemini + "B" Fairing 3.72 170 |69 RS
9 || Hemisphere Cylinder e o flon.0 |31
0 Gemini + NASA F: iring . 8.00 2.07 | 100 | 6ce L35k
11 1! Gemiru + "B" Fiiring i.’i.\)) 100 6'{'1.'4» ‘ 132k
t I ' 1
12 | HemisphereCylinder 0.0 0 || tiu.s 119
13 Gemini + WASA Fairing co92 | 1e9 leca,7 |
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Model Drawings
Drawing Number Description
58W03-00066 General Assembly
58W03-00067 Casting Core - Gemini "B" ~
58103-00068 Support Sting
58W03-00069 Core - Hemisphere Cylinder
58W03-00070 Hemisphere Cylinder Casting Assembly
58W03-000T1 Female Mold - Gemini "B"
58W03-00072 Tunnel Installation
58w03-00073 Fairing - Gemini "B"
58W03-0Q062 Fairing - NASA GT2
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